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(54) Scanning near-field optical microscope 

(57) An optical waveguide probe 1 provided with a 
microscopic aperture* portion of a diameter less than a 
wavelength at its tip. a vibration application portion con- 
sisting of a piezoelectric vibrating body 2 and an AG volt- 
age-generating portion 3, a vibration -detecting means 
consisting of a quartz oscillator 4 and a current/Voltage 
amplifier circuit 5, a coarse displacement means 6 for 
bringing the optical waveguide probe close to a surface 
of a sample, an optical detection means consisting of 



lenses 7. 8 and a photodetector 9, a sample-to-probe 
distance control means consisting of a Z motion fine ad- 
justment device 11 and a Z sen/o circuit 12. a two-di- 
mensional scanning means consisting of an XY fine mo- 
tion device 1 3 and an XY scanning circuit 1 4, and a data 
processing means 15 for converting a measurement 
signal into a three-dimensional image. The optical 
waveguide probe 1 is preferably held to the quartz os- 
dilator 4 by spring pressure of a resilient body 16, 
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Description 



The present invention relates to a scanning near- 
field optical microscope having an optical resolution less 
than the wavelength and. more particularly, to a scan- 
ning near-field optical microscope for observing kjcally 
excited emissbn of light from a semiconductor device 
or the like under low-temperature condition. 

A so-called scanning near-field optical microscope 
has been known as an optical microscope having an op- 
tical resolution less than the wavelength. Examples of 
this kind of microscope are disckjsed in Japanese Pat- 
ent Unexamined Publication No. 291310/1992, entitled. 
■Near-Field Scanning Optical Microscope and its Appli- 
cations", by Robert Erik Betzig and in Japanese Patent 
Unexamined Publication No. 50750/1994. entitled, 
■Scanning Microscope Including Force-detecting 
Means", by Robert Erik Betzig. An example of a tow- 
temperature near-field optical microscope capable of 
cooling a sample is disctosed in Rev. Sci Instrum. 65 
(3), 1994. pp. 626-631, by Robert D. Grober et al. An 
example of a near-field optical microscope using a 
quartz oscillator is disctosed in Appi Phys. Lett 66(14), 
1 995, pp. 1 842-1 844, by Kaled Karai et al. These instru- 
ments are outlined below. 

The near-fieW scanning opttoal mtoroscopo is also 
known as NSOM. Fig. 2 is a schematte view of the prior 
art near-fieW scanning opttoal microscope. The tip of an 
optical fiber 310 is machined into a tapering form 70. An 
aperture less than the wavelength is formed at the ta- 
pering tip of the probe. A sample stage 20 is placed on 
an XYZ stage 50. A sample 30 is set on the sample 
stage. It is held close to the sample surface, using an 
XYZ fine motion device 40, and a certain region is raster- 
scanned. The optical fiber probe 70 is moved parallel to 
the sample surface, using a fine motion devtoe 40. A 
horizontal force from the sample surface, or a shear 
force, acts on the tip of the probe. Thus, the state of the 
vibration of the probe varies. To measure the state of 
vibration of the probe 70, laser light (not shown) used 
for positton control is directed at the tip of the probe, and 
the shadow of the probe 70 is detected by a lens 90 and 
a photodetector 30. The distance between the sample 
surface and the tip of the probe is controlled, using the 
fine motion device 40. so that the shear force is kept 
constant, i.e., the rate at which the amplitude or phase 
varies is kept constant. The shear force drops rapkily 
with the distance from the sample. Utilizing this, the dis- 
tance between the sample surface and the tip of the 
probe is kept constant on the order of nanometers. Un- 
der this conditton. laser light 60 is introduced into the 
fiber 310. using a lens 160, to illuminate the sample sur- 
face from the aperture at the tip. A part of light reflected 
or transmitted is detected by conventional optics (not 
shown). As described thus far. the resolutton of NSOM 
depends on the size of the aperture at the tip of the 
probe. Since it is easy to form apertures less than the 
wavelength (e.g. , less than 1 00 nm). high resolutton less 



than the wavelength can be realized. 

Fig. 3 is a schematic view of the prior art near-field 
optical microscope. C is a sample and a piezoelectric 
scanner for scanning the sample. D is an optical fiber 
5 probe ahd a piezoelectric devtoe for vibrations. The op- 
tical fiber probe is machined into a tapering fonm and 
fomied with an aperture less than the wavelength at its 
tip. The optical fiber probe is vibrated parallel to the sam- 
ple surface, using the piezoelectrto devtoe for vibrations. 
10 A horizontal force from the sample surface, or a shear 
force, acts on the tip of the probe. Thus, the state of the 
vibration of the probe varies. To measure the state of 
vibration of the probe, laser light (not shown) is used. A 
is a diode laser. B is a lens. F is a photodiode detector. 
IS Laser light for position control is directed at the tip of the 
opttoal fiber probe. The shadow of the probe is detected 
by the tons and the detector. 

The distance between the sampte surface and the 
tip of the probe is controlled, using the piezoelectrto 
20 scanner C, so that the shear force is kept constant, i.e. , 
the rate at which the amplitude or phase varies is kept 
constant. The shear force drops rapidly with the dis- 
tance from the sample. Ufilizing this, the distance be- 
tween the sample surface and the tip of the probe is kept 
2S constant on the order of nanometers. Under this condi- 
tion, laser light (not shown) used for near-field optical 
measurement is introduced into the fiber D, to illuminate 
the sanf^)le surface from the aperture at the tip. A part 
of reflected light is detected by conventional optics (not 
30 shown). The resolutton depends on the size of the ap- 
erture at the tip of the probe. Since it is easy to form 
apertures less than the wavelength (e.g., less than 100 
nm). high resolutton less than the wavelength can be 
realized. A cryostat is used to cool the sample. E is a 
35 chamber and an optical window in the cryostat. By plac- 
ing the sample inside the cryostat, the sample can be 
cooled down to liquid helium temperature. This structure 
permits near-field opttoal measurement white the sam- 
ple is cooled. 

40 Fig. 4 is a schematto view of the main portion of the 
prtor art "near-field opttoal microscope using a quartz 
oscillator' Indicated by 400 is an optical fiber probe. In- 
dicated by 410 is a quartz oscillator. The optical fiber 
probe is adhesively bonded to the quartz oscillator, 
45 which is made to resonate by a piezoelectrto devtoe (not 
shown) for vibrations. Vibration of the quartz oscillator 
vibrates the optical fiber probe. As the tip of the probe 
comes close to the sampte, a horizontal force from the 
sample surface, or a shear force, acts on the tip of the 
so probe, thus varying the state of vibratton of the quartz 
oscillator. The state of vibration of the quartz oscillator 
is measured by measuring electrto charge generated by 
the piezoelectric effect of the quartz. The distance be- 
tween the sample surface and the tip of the probe is con- 
ss trolted, using a piezoelectric scanner (not shown), so 
that the shear force is kept constant, i.e., the rate at 
which the amplitude or phase vartes is kept constant. 
The shear force drops rapidly with the distance from the 
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sample. Utilizing this, the distance between the sample 
surface and the tip of the probe can be kept constant on 
the order of nanometers. 

The prior art scanning near-field microscope de- 
scribed above has the following disadvantagefs. In near- 
field scanning optica) microscopy (NSOM), laser light is 
directed at the sample surface near the tip of the optical 
probe, and an image (shadow) of the tip of the probe is 
detected from the reflected light to detect the shear 
force. Therefore, the aniount of reflected light is readily 
affected by the topography of the sample surface and 
by the reflectivity. Hence, it is difficult to measure the 
amplitude of vibration, and it is difficult to precisely 
measure the surface contour. Furthermore, it is not easy 
to align the laser light and so the data reproducibility has 
posed problems. Furthernwre, the measured region on 
the sample surface is illuminated with the laser light 
used for detection of the shear force, as well as with 
exciting light from the optical probe. This increases the 
t)ackground noise. Additkxiatly, it is difficult to remove 
the noise. In spectroscopic measurement, it Is impossi- 
ble to measure wavelengths ck)se to the wavelength of 
the laser light used for the shear force. Moreover, an 
optical fiber or the like is necessary to remove the laser 
-light used for the shear force. This leads to a decrease 
in the amount of emitted light contributing to detection. 
As a result, the S/N of the data deteriorates. 

The tow-temperature scanning near-field optical mi- 
croscope uses laser for detection of a shear force in the 
same way as the above-described near-field scanning 
optical microscope (NSOM). This makes It difficult to 
measure the amplitude of vibration. In addition, it is dif- 
ficult to measure the surface topography precisely. Fur- 
thermore, It Is not easy to align the laser light. Data is 
reproduced with ir^sufficient reproducibility. Further- 
more, the measured region on the sample surface is il- 
luminated with the laser light used for the shear force, 
as well as with exciting light from the optical probe. This 
increases the background noise. In spectroscopic 
measurement, it is impossible to measure wavelengths 
close to the wavelength of the laser light used for the 
shear force. Moreover, an optical fiber or the like is nec- 
essary to remove the laser light used for the shear force. 
This leads to a decrease in the amount of emitted light 
contributing to detection. As a result, the S/N of the data 
deteriorates. The sample is positk>ned inskJe the cryo- 
stat. while the optics including the laser light for detec- 
tion of a shear force is placed outside the cryostat. 
Therefore, the optical window tends to attenuate the 
amount of laser light. In consequence, the measure- 
ment is rendered difficult. Additkmalty, flow of low-tem- 
perature helium gas or Iquid helium tends to cause the 
laser light to fluctuate. Consequently, it is difficult to con- 
trol the positk>n of the optk;al probe. Further, it is difficult 
to renrK>ve the aberratk)n, because a light-gathering sys- 
tem using reflective mirrors is used. As a consequence, 
blurring of the image has presented problems. 

In the near-fieki optkral microscope using a quartz 



oscillator, the portion where the quartz oscillator and the 
optbal fiber are adhesively bonded together tends to be 
a microscopic region (e.g.. a square region about 
100^tm square). It is difficult to perform the bonding op- 

5 eration. Furthermore, the characteristics of the quartz 
oscillator device are easily affected by the amount of ad- 
hesive, the hardness, the location at which they are 
bonded, and other factors. Thus, it is difficult to obtain 
an oscillator sensor with high reproducibility For these 

10 reasons, it has been difficult to use the instrument In in- 
dustrial applications. Where the optical probe is re- 
placed, the quartz oscillator must also be replaced. This 
gives rise to an increase in the cost. In addition, near- 
field optical measurement with high reproducibility has 

IS been imposstole to perform. 

A scanning near-field optical microscope in accord- 
ance with the present invention has an optical 
waveguide probe provided with a microscopic aperture 
portion of a diameter less than a wavelength at its tip, a 

20 vibratkxi appficatbn portk)n consisting of a piezoelectric 
vibrating body and an AC voltage-generating portion, a 
coarse displacement means for bringing the optical 
waveguide probe close to a surface of a sample, an op- 
tical detectbn means consisting of lenses and a photo- 

25 detector, a sample-to-probe distance control means 
consisting of a Z motion fine adjustment device and a Z 
servo circuit, a two-dimensional scanning means con- 
sisting of an XY fine motion device and an XY scanning 
circuit, and a data processing means for converting a 

30 measurement signal into a three-dimenskyial image. 
This mk^roscope is characterized in that the optical 
waveguide probe is heM to a quartz oscillator t>y spring 
pressure of a resilient body. Because of this structure, 
a near-field optical mk:roscope having high resolution 

35 less than the wavelength and capable of measurement 
of locally excited light emission is provided. By imparting 
a means for cooling the sample to the scanning near- 
field optical microscope, a near-fieW optical microscope 
having high resolution less than the wavelength at lew 

40 temperatures and capable of measurement of kx:alty 
excited light emission is provided. 

Embodiments of the present invention will now be 
described by way of example only and with reference to 
the accompanying drawings, in whk;h:- 

45 

Fig. 1 is a schemata view of a scanning near-field 
optical mterosoope which embodies the present in- 
vention; 

Fig. 2 is a schematic view of the prior art near-fiekJ 

so scanning optical microscope; 

Fig. 3 is a schematic view of the prk)r art low-tem- 
perature scanning near-field optical microscope; 
Fig. 4 is a schematic view of the prior art near-field 
optk^al microscope using a quartz oscillator; 

ss Fig. 5 is a schematic view of Emlsodiment 1 of a 
scanning near-field optical microscope in accord- 
ance with the present inventksn; 
Fig. 6 is a schematic view of EmtxxJimervt 2 of a 
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scanning near-field optical microscope in accord- 
ance with the present invention; and 
Fig. 7 is a schennatic view of Embodinnent 3 of a 
scanning near-field optical microscope in accord- 
ance with the present invention. 

Fig. 1 is a schematic view of a scanning near^ield 
optical microscope which embodies the present inven- 
tion. 

The scanning near-field optical microscope in ac- 
cordance with the present invention comprises an opti- 
cal waveguide probe 1, a vibration application portion 
consisting of a piezoelectric vibrating body 2 and an AC 
voltage-generating means 3, a vibration-detecting por- 
tion consisting of a quartz oscillator 4 and a current/vott- 
age amplifier circuit 5, a coarse displacement means 6 
for bringing the optical waveguide probe close to the 
sample surface, an optical detecting means consisting 
of lenses 7, 8 and a photodetector 9. a sample-to-probe 
distance control means ccnstsling of a Z-axis fine mo- 
tion device 1 1 and a Z servo circuit 1 2, a two-dimension- 
al scanning means consisting of an XY fine motion de- 
vice 13 arKi an XY scanning circuit 14, and a data 
processing means 15 for converting a measurement 
signal into a three-dimensional image. The probe 1 has 
a microscopic aperture portion at its tip, the aperture 
portion having a diameter less than the wavelength. A 
resilient body 16 produces spring pressure that holds 
the optical waveguide 1 to the quartz oscillator 4. 

When the optical waveguide probe vibratkig hori- 
zontally is brought cbse to the sample surface, a shear 
force acts on the tip of the probe. This reduces the am- 
plitude of the vibration. The probe and the quartz oscil- 
lator are secured together by spring pressure and thus 
operate as a unit. Therefore, the decrease in the ampli- 
tude of the vibratbn of the probe results in a decrease 
in the amplitude of the vibration of the quartz oscillator 
This in turn reduces the output current, which is detected 
by the current/Voltage amplifier circuit. The distance be- 
tween the sample and the probe is controlled with the 
Z-axis fine motion device and the Z servo circuit to main- 
tain the output current from the quartz oscillator con- 
stant. I n this way, the tip of the probe is kept at a constant 
distance from the sample surface. Under this condition, 
light tor exciting the sample is introduced into the optical 
waveguide probe. A local region on the sample surface 
is illuminated with the light from the aperture at the tip 
of the probe, or light from the sample is picked up by the 
optical probe. The optical pickup is scanned in two di- 
mensrons across the sample plane to produce a three- 
dimensional image. Also, a means for cooling the sam- 
ple Is included Thus, the scanning near-fieW optkal mi- 
croscope can operate at low temperatures. 

The distance between the optical wavegukle probe 
and the sample is controlled, using the amplitude of the 
vibration of the quartz oscillator as described above. 
This dispenses with a laser normally used for position 
control such as in a near-field scanning optk^al mcro- 



scope (NSOM) or a low-temperature scanning near- 
field optical microscope. As a result, various problems 
can be circumvented. For example, if the positton of the 
laser light and the amount of reflected light vary, the data 

5 would be made inaccurate. Fluctuation of helium gas or 
liquid helium would vary the laser light, modifying the 
data. Furthermore, the laser for position control is not 
directed at the sample suiface. Hence, the background 
noise is not increased during near-field optical measure- 

10 ment. During spectroscopic measurement, light having 
the wavelength of the laser for position control is re- 
moved and so any optical fiber is made unnecessary. 
This assures a wide range of wavelengths for spectro- 
scopic data. Furthemwre, decreases in the amount of 

IS detected light are prevented; otherwise, the S/N of data 
would deteriorate. The spring pressure of the resilient 
body anchors the optical waveguide probe to the quartz 
oscillator. In the prior art near-field optkal microscope 
using a quartz oscillator, data would be affected by the 

20 manner in whteh they are adhesively bonded. In ex- 
changing the probe, it is only necessary to replace the 
probe. In consequence, the same quartz can be used. 
The reproducibility of the measurement conditions and 
the reproducibility of data can be enhanced. Moreover, 

25 the replacement of only the probe gives rise to lower 
cost In addition, the adhesive bonding that is difficult to 
perform is made unnecessary. Consequently, the instru- 
ment is made very easy to handle. The incorporation of 
the means for cooling the sample accomplishes a scan- 

30 nkig near-f ieW optkal mteroscope operating at low tem- 
peratures. The omissfon of the laser used for positfon 
control can enhance the accuracy of the data and the 
reproducibility. In additbn, the S/N of spectroscopk: data 
during near-field optical measurement under low-tem- 

35 perature conditk)ns can be improved. In addition, the 
range of measured wavelengths can be extended. 

Embodiments of this invention are hereinafter de- 
scribed 



Fig. 5 is a schematic view of Embodiment 1 of a 
scanning near-field optical microscope in accordance 
with the invention. This embodiment gives a transmls- 

45 sion-type scanning near-fiekj optical mbroscope oper- 
ating at low temperatures. 

A quartz oscillator 4 and a piezoelectric oscillator 2 
are bonded to a quartz oscillator holder 25 with adhe- 
sive. A PZT device in the form of a flat plate is used as 

50 the piezoelectric oscillator. A quartz oscillator used for 
a clock or watch is used as the aforementkjned quartz 
oscillator. When an AG voltage is applied to the PZT de- 
vice, it vibrates, forcing the quartz oscillator to vibrate. 
If the vibratkxi frequency te made ooincklent with the 

ss resonantfrequency (e.g.. 32.7 kHz), the quartz oscillator 
resonates. Then, piezoelectric effect induces an electric 
charge on the electrodes of the quartz oscillator. The 
resulting current is detected by a currentA^oltage ampli- 



40 [First Embodiment] 
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tier circuit. Since a current proportional to the amplitude 
of tlie vibration of the quartz oscillator is produced, the 
state of the vibration of the quartz oscillator can be 
measured from the detected current. A cylindrical PZT 
scanner, a laminated PZT plate, or other structure may 
be conceivable as the piezoelectric oscillator, as well as 
the PZT plate. Alt of them are embraced by the present 
inventbn. Furthermore, quartz oscillators used in appli- 
cations other than clocks and watches may be used as 
the aforementioned quartz oscillator in accordance with 
the present invention. 

An optical waveguide probe 1 is held to a quartz 
oscillator by spring pressure of a resilient body 16. The 
used optical waveguide probe is prepared by chemically 
etching the tip of a single-mode optical fiber, machining 
it into a tapering form, and then tapering the thin alumi- 
num film except for an aperture portion at the tip. It may 
be conceivable that a multimode optical fiber or glass 
pipette machined into a tapering form is used as the op- 
tical waveguide probe. This is embraced by the present 
invention. The method of machining the fiber or pipette 
into a tapering form may include mechanical polishing 
and heattng-and-elongating processing, as well as the 
chemical etching. It is conceivable that the thin metal 
coating is made of a noble metal (such as gold or plati- 
num), a multilayer film, a thin alloy metal, or the like, as 
well as aluminum. All of them are embraced by the 
present invention. The aperture is fonned so that it is 
less than the wavelength of light used for measurement. 
In the present invention, an aperture less than 100 nm 
was formed. Where a large antount of light is necessary, 
the aperture is preferably increased to about 1 50 to 200 
nm. On the other hand, where high resolution is needed, 
20-50 nm is desirable. It is conceivable that a size of 
20-300 nm is used. All of them are embraced by the 
present invention. A leaf spring made of a stainless steel 
is used as the resilient body. Since the sensitivity of the 
quartz oscillator to forces is high. It is desired that the 
spring constant of the resiRent body be small. In the 
present invention, a cantilever spring having a thickness 
of 100|im, a width of 1 mm, and a length of 10 mm is 
used. Besides, the resilient body may be a leaf spring 
of phosphor bronze, a coiled spring, various kinds of 
rubber such as silicone rubber. All of them are embraced 
by the present invention. Furthermore, the body ntay be 
held by making use of the resilience of the opttoal 
waveguide probe itself. This is also embraced by the in- 
vention. Where the body is held by spring pressure, this 
pressure is measured, utilizing the oscillating character- 
istics of a quartz oscillator, i.e. . Q-value. Where the op- 
tical wavegukie probe is not held, the Q-value of the 
quartz oscillator is about 3000, for example. Where the 
optical waveguide probe is held with a spring, the Q- 
value is less than 500. AQ-value preferable for the scan- 
ning near-fieki optical microscope is approximately 100 
to 400. The spring pressure is adjusted so that the Q- 
value falls within this range. 

The quartz oscillator holder 25 is held to XYZ fine 



nnotbn devices 11 and 1 3. A cylindrk:al piezoelectric de- 
vbe in which Y-, and Z-axis scanners are combined 
into a unit is used as each fine motk>n device. Besides, 
a piezoelectric scanner in which Z-axis is separate from 
5 X-and Y-axes and electrostrictive devices may be con- 
ceivable as the fine motion devices. These are em- 
braced by the invention. Other conceivable structures 
include piezo-stages, stages using parallel stages, tri- 
pod-type piezoelectric devices in which one-axis piezo- 

TO electric devices are mounted on X-. Y-, and Z-axes, re- 
spectively, and laminar piezoelectric scanners. 

A coarse displacement means 6 is used to bring the 
optteal wavegukJe probe close to a sample 17. A semi- 
conductor thin film producing photoluminescence is 

IS used as the sample. Other samples can be inorgank: 
thin films, bralogical samples, and organic thin films 
transmitting light. The sample can be prepared (i) by 
vacuum evaporation, (li) by dispersing a sample in the 
fomn of fine particles in a volatile solvent and stretching 

20 the sample onto a glass surface, or (iii) by CVD. A 
coarse displacement means consisting of a stepping 
motor and a speed-reduction gear, a rough motion 
screw, or a linear guide is used as the above-described 
coarse displacement means. Other example of the 

2S coarse displacement means may consist of a Z stage to 
which a stepping motor is added. A further example in- 
cludes a stage using piezoelectric devices. For in- 
stance, it is a stage in which an inchworm mechanism 
or Z stage is combined with a piezoelectric device. All 

30 of them are embraced by the present inventbn. 

Laser light emitted from a laser light source 19 is 
focused by a lens 21 and introduced into the optical 
waveguide probe 1 . The laser light emerges from the 
aperture at the tip of the probe 1 and illuminates the 

3S sample 17. An argon ion laser having a wavelength of 
488 nm is used as the laser light source. The sample is 
excited with the laser light and made to emit by photo- 
luminescence. This emission occurs only in the vicinity 
of the aperture at the tip of the probe. The light is focused 

40 by a lens 7, a mirror 22, and a lens 8. It Is conceivable 
that the lens is a combinatorial lens, as well as a simple 
lens. All of them are embraced by the present invention. 
A photomultipller is used as the photodetector. Other 
conceivable examples include CCD devk:e, silicon pho- 

45 todkxle, silicon avalanche photodkxle, and genmanium 
detector. All of them are embraced by the present Inven- 
tion. A signal from the photodetector 9 Is applied to a 
data processing means 15, together with XY scanning 
signals. Thus, a three-dimenskxial image is created. A 

so computer and a CRT display are used as the data 
processing means. Varbus other methods are conceiv- 
able. For example, it may be a combination of a storage 
oscllbscope, a computer, and a Ik^uid display. All of 
them are embraced by the present inventbn. 

ss The sample temperature was cooled down close to 
liquid helium temperature (e.g.. 5*^ K), using a cryostat 
18. Optbal measurement is performed through an opti- 
cal window 24 of the cryostat. The used cryostat has a 
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cooling mechanism employing helium gas flow. There- 
fore, the sample temperature can be cooled down to liq- 
uid helium temperature from room temperature in a 
short time (about 30 minutes). Other conceivable means 
for cooling the sample include (i) cooling a metal such 
as copper and bringing it into contact with the metal in 
vacuum to cool the sample and (li) using a mechanical 
refrigerator making use of adiabatic expansion of liquid 
helium. All of them are embraced by the present inven- 
tion. Uscng the structure described thus far, the sample 
temperature is cooled down close to liquid helium tem- 
perature. Under this condition, laser light is directed at 
the sample surface from the aperture of the optical 
waveguide probe less than the wavelength to induce 
light emission by photoluminescence. The light e gath- 
ered by the tenses and detected by the photodetector. 
The distribution of light emission within the sample plane 
can be measured with a high resolution less ttian the 
wavelength. 

[Embodiment 2] 

Fig. 6 is a schematic view of Embodiment 2 of a 
scanning near-field optical microscope in accordance 
with the present Inventbn. The described embodiment 
is a reflection-type scanning near-field optical micro- 
scope operated at low temperatures. 

A laser light source 1 9 is introduced into the optical 
waveguide probe 1 by a coupling 21 . Light is directed at 
the sample 1 7 from the aperture at the tip of the optical 
waveguide. Luminescent light from the sample is fo- 
cused by a lens 8 via a lens 7. mirrors 23. 22. and an 
optical window 24. The light is detected by a photode- 
tector 9. A data processing means 1 5 creates a three- 
dimensional image. The measured region on the sam- 
ple surface is moved, using an XY stage 26 for the sam- 
ple. A piezoelectrically driven XY stage is used as this 
XY stage. Other conceivable XY stage is a stage con- 
sisting of a combination of a stepping motor and an XY 
stage. All of them are embraced by the present inven- 
tion. Other stnictures are the same as the contents of 
Embodiment 1. In this configuration descrft)ed thus far, 
laser light is directed from the aperture of the optical 
waveguide less than the wavelength while cooling the 
sample temperature down close to liquid helium temper- 
ature. Light emission is induced by photoluminescence. 
The light is gathered by lenses and detected by a pho- 
todetector. The distribution ol light emission within the 
sample plane can be measured with high resolution less 
than the wavelength. 

[Embodiment 3] 

Fig. 7 is a schematic view of Embodnment 3 of a 
scanning near-field optical microscope in accordance 
with the present kivention. The illustrated embodiment 
is a reflection-type scanning near-field optical micro- 
scope operated at low temperatures. 



Light emitted from a light source 19 is amplitude- 
HDodulated periodically by an optical modulator 27 con- 
sisting of an acoustooptical (AO) nruxlulator. Other con- 
ceivable optical modulators include an optical modulator 

5 (EO modulator) using an electric field and mechanical 
nrKXiulators in which an optical chopper is rotated by an 
electric motor. All of them are embraced by the present 
invention. The modulated laser light is introduced into 
the optical waveguide probe 1 by a coupling 21 . The light 

10 is directed at the sample 1 7 from the aperture at the tip 
of the optical waveguide probe. Luminescent light from 
the sample is gathered by a lens 8 via a lens 7, mirrors 
23. 22. and an optical window 24. The light is then split 
into two beams traveling in two directions by a half-mir- 

15 ror 31 . The split light beams are measured by a photo- 
detector 9 and a spectrometer 29. In some cases, the 
half-mirror may be replaced by a dichroic mirror. To se- 
cure sufTicient amount of light for spectroscopic applica- 
tions, (t may be possible to use no mirrors. The light de- 

20 tected by the photodetector 9 is measured with high S/ 
N, using a lock-in amplifier. The resulting signal is con- 
verted into a three-dimensional rnage by a data 
processing means 15. The measured region on the 
sample surface is nrKJved, using an XY stage 26 for the 

25 sample. A piezoelectrically driven stage is used as this 
XY stage. Other conceivable XY stage may be an XY 
stage in which a stepping motor is combined with an XY 
stage. This is also embraced by the present invention. 
This embodiment is similar to the contents of the Em- 

30 bodiment 1 in other respects. 

In the structure described above, laser light was di- 
rected at the sample surface from the aperture of the 
optical wavelength less than the wavelength while the 
sample temperature was cooled down close to liquid he- 

35 lium temperature. Emission of light was induced by pho- 
toluminescence. The light was gathered by lenses and 
detected by the photodetector. The distribution of light 
emissbn within the sample plane could be measured 
with a high resolution less than the wavelength by scan- 

40 ning the optical waveguide probe across the sample 
plane. 

As described thus far, this inventk)n comprises: an 
optical waveguMe probe provided with a microscopk; 
aperture portnn of a diameter less than a wavelength 

45 at its tip, a vibration application porVon consisting of a 
piezoelectric vibrating body 2 and an AC voltage-gen- 
erating portion 3, a vibration-detecting means consisting 
of a quartz oscillator 4 and a current/voltage amplifier 
circuit 5, a coarse displacement means 6 for bringing 

50 the optical wavegu ide probe ck>se to a surface of a sam- 
ple, an optical detection means consisting of lenses 7, 
8 and an optical detector 9. a sample-to-probe distance 
control means consisting of a Z motion fine adjustment 
device 11 and a Z een^o circuit 12, a two-dimeneional 

ss scanning means consisting of an XY fine moton device 
1 3 and an XY scanning circuit 1 4, and a data processing 
means 15 for converting a measurement signal into a 
three-dimensional image. The optical waveguide probe 
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1 is held to the quartz oscillator 4 by spring pressure of 
a resilient body 16. 

As described above, the distance between the op- 
tical waveguide probe and the sample is controlled, us- 
ing the amplitude of the vibratbn of the quartz oscillator. 5 
This dispenses with a laser used for position control, the 
laser being used in a near-field scanning electron mi- 
croscope (NSOM) and in a low-temperature scanning 
near-field optical microscope. It is possible to avoid var- 
ious problems, such as inaccuracies of data due to var- io 
iations of the position of laser light and variations in the 
amount of reflected light and change of data due to var- 
iations of laser light attnl)uted to fluctuations of helium 
gas or liquid helium. Furthermore, the backgrourKl noise 
is not increased during near-field optical measurement, is 
because the sample surface Is not illuminated with laser 
for position control. During spectroscopic measure- 
ment, any optical fiber for removing the light of the wave- 
length of the position control laser is made unnecessary 
This assures a wide range of wavelengths for spectro- 20 
scopic data. Furthemiore, decreases in the amount of 
detected light are prevented; otherwise, the S/N of data 
would deteriorate. The spring pressure of the resilient 
body holds the optical waveguide probe to the quartz 
oscillator. In the prior art near-field optical microscope 
using a quartz oscillator, data would be affected by the 
manner in which they are adhesively bonded. In ex- 
changing the probe, it is only necessary to replace the 
probe. In consequence, the same quartz oscillator can 
be used. The reproducibility of the measurement condi- 30 
tions and the reproducibility of data can be enhanced. 
Moreover, the replacement of only the probe gives rise 
to lower cost. In addition, the adhesive bonding that is 
difficult to perform is made unnecessary. Consequently, 
the instrument is made very easy to handle. The incor- 3S 
poration of the means for cooling the sample accom- 
plishes a scanning near-field optical microscope oper- 
ating at low temperatures. The omission of the laser 
used for position control can enhance the accuracy of 
the data and the reproducibility. Also, the S/N of spec- 40 
troscopic data during near-field optical measurement 
under low-temperature conditions can be improved. In 
addition, the range of measured wavelengths can be ex- 
tended. 



Claims 

1 . In a scanning near-field optical microscope having 
an optical waveguide probe provided with a micro- so 
scopic aperture portion of a diameter less than a 
wavelength at Its tip, a vibration application portion 
consisting of a piezoelectric vibrating body and an 
AC voltage-generating portion, a coarse displace- 
ment means for bringing the optical waveguide ss 
probe close to a surface of a sample, an optical de- 
tection means consisting of lenses and a photode- 
tector, a sample-to-probe distance control means 



consisting of a Z motion fine adjustment device and 
a Z sen/o circuit, a two<iimensional scanning 
means consisting of an XY fine motion device and 
an XY scanning circuit and a data processing 
means for converting a measurement signal into a 
three-dimensional image, the improvement where- 
in (a) the optical waveguide probe is held to a quartz 
oscillator by spring pressure of a resilient body. 

2. In the scanning near-field optical microscope of 
claim 1 . the further improvement wherein there is 
further provided a means for cooling the sample. 

3. In the scanning near-field optical microscope of 
claim 2, the further improvement wherein the 
means for cooling the sample is a cryostat using liq- 
uid helium as a freezing medium. 

4. In the scanning near-field optical microscope of 
claim 3, the further improvement wherein there is 
further provided a laser light source that is intro- 
duced in the optical waveguide probe and acts to 
illuminate the sample surface locally from the tip of 
the optical waveguide probe. 

5. In the scanning near-field optical microscope of 
claim 4. the further improvement wherein there are 
further provided a means for periodically modulat- 
ing the laser light and a lock-in detecting means. 

6. In the scanning near-fieW optical microscope of 
claim 4, the further improvement wherein there is 
further provkied a sample stage capable of moving 
a measurement positk)n on the sample surface. 

7. In the scanning near-fiekJ optical microscope of 
claim 4, the further improvement wherein there is 

further provided lenses for collecting light either 
transmitted through the sample or reflected off the 
sample surface, and wherein the lenses are intro- 
duced in a sample chamber within the cryostat. 

& In the scanning near-fiekl optical microscope of 
claim 4, the further Improvement wherein there is 
further provided a means for spectroscopically an- 
alyzing light emitted from the sample. 

a In a scanning near-field optk:al microscope having 
an optical wavegukie probe provided with a micro- 
scopk: aperture portion of a diameter less than a 
wavelength at its tip, a vibration application portion 
consisting of a piezoelectric vibrating body and an 
AC voltage-generating portran, a coarse displace- 
ment means for bringing the optical waveguide 
probe close to a surface of a sample, optk^l detec- 
tion means consisting of lenses and a photodetec- 
tor, a sample-to-probe distance control means con- 
sisting of a Z motion fine adjustment device and a 
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Z servo circuit, a two-dimensional scannnig means 
consisting of an XY fine motion device and an XY 
scanning circuit, and a data processing means for 
converting a measurement signal into a three-dh ._ 
mensional image, the improvement wherein (a) the 5 
optical waveguide probe is adhesively bonded to a 
quartz oscillator, and wherein (b) there is further 
provided a means for cooling the sample. 

10. In the scanning near«fiefd optical microscope of io 
claim 9, the further improvement wherein the 
means for cooling the sample is a oyostat using liq- 
uid helium as a freezing medium. 

11. In the scanning near-field optical microscope of is 
claim 10. the further improvement wherein there is 
further provided a laser light source that Is intro- 
duced in the optical waveguide probe and acts to 
illuminate the sample surface locally from the tip of 
the optical waveguide probe. 20 

12. In the scanning near-field optical microscope of 
claim 11 , the further improvement wherein there are 
further provided a means for periodically modulat- 
ing the laser light and a lock-in detecting means. 

13. In the scanning near^eld optical microscope of 
claim 11, the further improvement wherein there i$ 
further provided a sample stage capable of moving 

a measurement position on the sample surface. so 

14. In the scanning near-field optical microscope of 
clam 11 , the further improvement wherein there are 
further provided lenses for collecting light either 
transmitted through the sample or reflected off the 35 
sample surface, and wherein the lenses are intro- 
duced in a sample chamber within the cryostat 

15. In the scanning near-field optical microscope of 
claim 11 , the further Improvement wherein there is 40 
further provided a means for spectroscoplcally arn 
alyzing light emitted from the sample. 
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(54) Scanning near-field optical microscope 



(57) An optical waveguide probe 1 provkied with a 
microscopic aperture portion of a diameter less than a 
wavelength at its tip. a vibration application portion con- 
sisting of a piezoelectric vibrating body 2 and an AC volt* 
age-generating portion 3. a vibration-detecting means 
consisting of a quartz oscillator 4 and a currentA^oltage 
amplifier circuit 5, a coarse displacement means 6 for 
bringing the optical waveguide probe close to a surface 
of a sample, an optical detection means consisting of 



lenses 7. 8 and a photodetector 9. a sample-to-probe 
distance control means consisting of a Z motion fine ad- 
justment device 11 and a Z servo circuit 12, a two-di- 
mensional scanning means consisting of an XY fine mo- 
tion device 1 3 and an XY scanning circuit 1 4, and a data 
processkig means 15 for converting a measureiment 
signal into a three-dimensional image. The optical 
waveguide probe 1 is preferably held to the quartz os- 
cillator 4 by spring pressure of a resilient body 16. 
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